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Abstract:
The energy exchange between the atmosphere and the sea at the the selected six stations east of Japan has been studied for the period [1960] [1961] [1962] , within the limited months (September-April).
The monthly variations of total energy exchange and sea surface temperature throughout the three years 1960-1962 indicated the increase or decrease of sea surface temperature following about two months after the decrease or increase of total energy exchange. The amount of total energy exchange (Qa) 
Introduction
The heat budget between the atmosphere and the sea is becoming essentially important for many theoretical and applied problems in oceanography and meteorology as emphasized by several groups of researchers.
Meanwhile recently several works on such heat budget appeared following the classical contributions by SVERDRUP (1937 , 1940 ), JACOBS (1941 -1951 ), and BUDYKO (1956 . The great majority of them has dealt with the global heat flux and climatological heat exchange. Concerning the heat budget on the waters adjacent to Japan we may refer to the following contributions such as HANZAWA (1950) , MASUZAWA (1951) , MIYAZAKI (1952) , KOIZUMI (1956 ), MANABE (1958 ), OTSUKA (1964 , and in the Pacific and Atlantic Oceans LAEVASTU (1963 ), NAMIAS (1963 ), MALKUS (1962 , BJERKNES (1964 ) and WYRTKI (1965 , 1966 .
In the present paper we have obtained the relation between the monthly total energy exchange and the monthly variations of sea surface temperature, and studied to be able to predict the total energy exchange quantitatively as well as to estimate the amount of heat added to or removed from through advective processes over the sea east of Japan. 
where Qsk depends on the latitude, month, cloud cover, and on the turbidity of air, Qb on the cloud cover and sea surface temperature, but they have not been treated in this paper. The components of the above equation will be discussed later in some details.
Formulae for computation of Qe and Qs
The amount of heat used for evaporation Qe and the exchange of sensible heat by convection may be deduced indirectly by two methods, one using"Budget formulae " on the concept of " Bowen ratio ", the other based on the laws of small-scale molecular and turbulent transfer which give the exchange as a function of the air-sea property differences and wind speed, the so-called " Exchange formulae ". The former is, in general, suitable for the broader regions and longer periods, and the latter suitable for the smaller scale areas and shorter periods.
In this paper, Qe and Qs have been computed according to the equations similar in form used by MALKUS (1962) and WYRTKI (1963) , that is, by the latter method: Monthly averaged thermocline depth (Z). (5) area, and less in the northern area. This indicates that the amount of energy exchange decreases toward the higher latitude. In particular, the months in which actual vapor pressure exceeds saturated vapor pressure are expected to correspond to the period of sea-fog development.
Lastly, two periods concerning the sea surface temperature are distinguished somewhat definitely i.e. a period of temperature rise from March to September, another period of temperaturefall from September to March, and also concerning the amount of energy exchange two periods are distinguished roughly, a period of decrease from January-February to JulyAugust, another period of increase from JulyAugust to January-February.
From this point of view, we can expect that the increase of sea surface temperature begins two months after the decrease of energy exchange, and the decrease about two months after the increase of energy exchange.
7. Relation between total energy exchange and the atmospheric "core pressure" difference of the Siberian High and the Aleutian Low
The prevailing wind over the sea east of Japan depends on the pressure gradient and location of the Siberian High and the Aleutian Low in the colder season, both of which appear in September and vanish in April, in general. Therefore, the atmospheric " core pressure " difference between the Siberian High and the Aleutian Low has been represented as an indicator of prevailing wind over the abovementioned area.
Since is not varied much with latitude, but Qe decreases toward the higher latitudes.
In December, January, February, and March, both ofQe. and Qs have a tendency of decrease toward the higher latitudes, especially that of is a considerable one. During these months, the severe northwest monsoon of poor atmospheric vapor content and very low air temperature is prevalent and theeffect of sensible heat depending on air-sea temperature difference plays an important role for the total energy exchange. In January and February, for example, the Bowen ratio in Table 3 which implies the ratio of sensible term to the evaporation term is of about 50 per cent. The above-mentioned is attributed to winter monsoon accompanying the cooling and the lower water vapor content, which prevails over the lower latitude by the relatively warmer Kuroshio current and/or over the higher latitudes of the colder Oyashio current.
Ultimately, the total energy exchange and the atmospheric "core pressure" difference (8) From the equations (6), (7), and (8), we have
From the above, we can predict quantitatively the mean monthly heat exchange in the sea east of Japan, basing the atmospheric " core pressure "difference from weather map.
Estimation of the net amount of heat by advection
The net amount of heat Qv which added to or removed from by advective processes is to be computed from the following equation (10 
amount of heat added to or removed from by advection indicate the mimima in October, December, and February and the maxima in November, and January. It might be inferred from the present study of heat budget that the intensity of the Oyashio current fluctuates in short period, and that the north-south shift of the Polar Front or Subarctic Convergence (the Oyashio Front) in the sea east of Japan is affected mainly the Kuroshio current in the warmer season and by the prosperity of the Oyashio current in the colder season.
Concluding remarks
Finally we are able to stress some procedure or useful prediction indices for the numerical oceanographic forecasting such a way that corresponding to the difference of the core pressure in the colder season year by year.
The monthly amount of total energy exchange at every station can be computed and the resulting rise and fall of sea surface temperature in advance of some months or the intensification of the Oyashio current might be computed numerically by our improved method in future.
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